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Materials and Methods
Subjects
For all the experiments, 3-month-old naive male mice (C57Bl/6 JI Co) were individually housed in standard Macrolon cages in a temperature-and humiditycontrolled room under a 12-h light/dark cycle (lights on at 07:00) and had ad libitum access to food and water. All experiments took place during the light phase. All animal care and behavioral tests were conducted in compliance with the European Communities Council Directive (86/609/EEC). The group sizes were as follows:
-Experiment 1 (shock intensity study): n = 6 to 9 mice per group.
-Experiment 2 (intrahippocampal corticosterone infusions study): n = 7 to 12 mice per group.
-Experiment 3 (immunohistochemistry study): n = 5 to 7 mice per group.
-Experiment 4 (restraint stress study): n = 6 to 8 mice per group.
-Experiment 5 (systemic corticosterone injection study): n = 7 to 12 mice per group.
-Experiment 6 (corticosterone assay study): n = 7 to 11 mice per group.
Surgical procedure
Mice were anesthetized with ketamine (80 mg/kg body weight, i.p.) and xylazine (16 mg/kg body weight, i.p.) and secured in a Kopf stereotaxic apparatus. Stainless-steel guide cannulae (26 gauge, 8-mm length) were implanted bilaterally 1 mm above the dorsal hippocampus (A/P, -2 mm; M/L, ±1.3 mm; D/V, 1 mm; relative to dura and bregma) (S1), then fixed in place with dental cement and two jewel screws attached to the skull. Mice were then allowed to recover in their home cage for at least 8 days before behavioral experiments.
Behavioral studies
Fear conditioning procedures
Two days before the beginning of fear conditioning, all mice were individually placed daily for 4 min into an opaque PVC chamber (30 x 24 x 22 cm) with an opaque PVC floor, in a brightness of 100 lux. The box was cleaned with 4% acetic acid before each trial. This pre-exposure allowed the mice to acclimate and become familiar with the chamber used for the cue alone test. Acquisition of fear conditioning was performed in a different context, a Plexiglas conditioning chamber (30 x 24 x 22 cm), in a brightness of 60 lux, given access to the different visual-spatial cues in the experimental room. The floor of the chamber consisted of 60 stainless-steel rods (2 mm diameter), spaced 5 mm apart and connected to a shock generator. The box was cleaned with 70% ethanol before each trial. Animals were trained with either the cue-shock pairing or unpairing procedure.
These training procedures have been fully described in previous studies (S2-5) . Briefly, each animal was placed in the conditioning chamber for 4 min during which it received two tone cues (65 dB, 1 kHz, 15 s) and two footshocks (ranging from 0.3 to 0.8 mA, 50 Hz, 3 s). Two different schedules were used. In one schedule (cue-shock pairing), mice received two tone-shock pairings with an inter-trial interval of 60 s. The shock immediately followed the end of the tone presentation. In this case, animals identify the tone cue and not the conditioning context as the main predictor of the shock (predictingcue group). The second schedule (cue-shock unpairing) differed from the previous one in the pseudo-random distribution of the two tones and the two shocks. Specifically, 100 s after being placed into the chamber, animals received a shock, then, after a 20 s delay, a tone; finally, after a 30 s delay, the same tone and the same shock spaced by a 30 s interval were presented. After 20 s animal were returned to the home cage. In this case, animals identify the conditioning context and not the cue as the right predictor of the shock (predicting-context group).
It is important to emphasize that our procedure differs from the procedure frequently used to study context conditioning, in which no salient discrete cue is present during conditioning (see for example (S6) ). In fact, such "context alone conditioning procedure" is known to be ambiguous as, in the absence of a salient discrete cue unpaired with shock, the most salient cue turns out to be the footshock grid, which is a tonic element of the context that can be processed as a simple conditioned stimulus. Thus, what is considered as "contextual conditioning" can in fact be reduced to an "elemental conditioning" to the footshock grid without requiring any complex relational processing of items involving the hippocampus as it is required in true "contextual conditioning". At support of this, conditioning based on a "context alone procedure" does require the integrity of the amygdala (like cue conditioning) but can be acquired after hippocampal lesions (S7-8) , that in contrast impair true context conditioning. An additional observation showing the amygdala-dependence of the "context alone" procedure is the study by Campeau and coworkers (S6) showing an increase in c-Fos expression in the amygdala after a context alone procedure. In conclusion, our procedure for preferential conditioning to the context has two main advantages in comparison to the "context alone" conditioning procedure. First, it enables us to study "true" contextual conditioning, which is dependent on the functional integrity of the hippocampus (S9). Second, it allows comparison with the procedure used for preferential conditioning to the cue (the tone) since the two procedures contain exactly the same nature and amount of environmental stimuli and differ only in their associations (S2, S4-5, S10) .
Twenty-four hours after conditioning with one of the two schedules, all mice were submitted to two memory retention tests. First, mice were re-exposed to the cue alone during 2 min in a safe and familiar chamber. Two hours later, mice were re-exposed to the conditioning context alone during 2 min without the cue. During these two tests, freezing behavior of animals, defined as a lack of all movement except for respiratoryrelated movements, was used as an index of conditioned fear response (S11). Animals were continuously recorded on videotape for off-line second-by-second scoring of freezing by an observer blind of experimental groups. Freezing response was calculated as the percentage of the total time spent freezing during the 2-min period of test.
Test for generalization of fear responses to different cues
Twenty four hours after fear conditioning, separate groups of mice were placed in the safe and familiar context and were exposed during 2 min to either the conditioning cue (1 kHz tone, 65 dB) or a novel cue (2 kHz tone, 65 dB) similar to the one used during conditioning or to a very different novel cue (white noise, 65 dB).
Restraint stress
Immediately after the acquisition of fear conditioning, mice were placed during 20 min in a transparent Plexiglas cylinder (diameter: 2.5 cm, 11 cm long) in a room adjacent to the fear conditioning room. After immobilization, mice were returned to their home cage.
Systemic injection of corticosterone
Corticosterone (2-hydroxypropyl-β-cyclodextrin complex; 0.75, 1.5, 2.5, 5 or 10 mg/kg in a volume of 0.1 ml/10 g bodyweight) or vehicle (NaCl 0.9%) was administrated intraperitonealy (i.p.) immediately after the acquisition of fear conditioning. The complex of corticosterone with cyclodextrins allows to dissolve this steroid in aqueous solutions.
After the injection, animals were returned to their home cage. The range of dose of corticosterone was selected in order to reach three goals. First attest that the behavioral effects of corticosterone were observed for doses increasing the plasma levels of the hormone in the range of the concentrations induced by stress. Second, verify if the effects of glucocorticoids were state dependent. Third verify if in our condition the behavioral effect of the hormone followed a bell shaped function, often observed for glucocorticoid behavioral effects. To verify that corticosterone could modify fear memories for concentrations that are in the range of the ones induced by stress, on the basis of previous studies (S12-14) and extensive experience in our laboratory, we used the 0.75, 1.5 and 2.5 mg/kg doses that allow encompassing both the peak concentrations and the duration of the increase in corticosterone levels induced by several types of stress. To verify that the behavioral effect of corticosterone were state dependent but did not followed a bell shaped function we extended the dose response function adding the 5 and 10 mg/kg doses which rise concentrations of corticosterone above the ones induced by stress but cover the entire range of the behavioral effects of these hormones.
Intracerebral infusions of corticosterone
Immediately after the acquisition of fear conditioning, animals were replaced in their home cage and received intrahippocampal bilateral infusions (0.3 µl per side) of corticosterone (2-hydroxypropyl-β-cyclodextrin complex; 10 ng per side) or vehicle 6 (artificial cerebrospinal fluid, aCSF). These infusions were performed in freely-moving mice in their home cages. Animals were habituated to the procedure before the experiment. For infusions, the stylets normally obtruding the guide cannulae were removed. Stainless-steel cannulae (32 gauge, 9 mm) attached to 1-µl Hamilton syringes with polyethylene catheter tubing were inserted through the guide cannulae. The syringes were fixed in a constant rate infusion pump (0.1 µl/min). The cannulae were left in place for an additional 1 min before removal to allow diffusion of the drug away from the cannulae tips. The dose of corticosterone have been selected on the basis of previous studies reporting that intrahippocampal infusion of 10 ng corticosterone after conditioning with low shock intensity (0.3 mA) increased contextual fear memories in mice (S15-16).
Histology
After behavioral testing, animals were given an overdose of pentobarbital and transcardially perfused with physiological saline, followed by 10% buffered formalin.
Brains were postfixed in formalin-saccharose 30% solution for 1 week, frozen, cut coronally on a sliding microtome into 60 µm sections that were mounted on gelatincoated glass slides, and stained with thionine to evaluate the cannulae placements.
Immunohistochemistry
A separate cohort of mice was prepared, conditioned as described before (cueshock pairing or unpairing schedule) with the highest shock intensity (0.8 mA) and underwent intrahippocampal infusions of either aCSF or corticosterone (10 ng per side).
A group of naive mice, handled similarly and maintained in their home cages, was used as control. Mice were then killed 90 min after infusions for examination of c-Fos expression.
Mice were deeply anesthetized with pentobarbital (120 mg/kg) and perfused intracardiacally with 100 ml of 4% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB, pH 7.5) at 4°C. Brains were quickly removed, post-fixed overnight in the same fixative solution and transferred in a PB/sucrose 30% solution. Brains were then coronally sectioned (50-μm thin) using a sliding microtome. Free-floating sections were 7 rinsed in PB and pretreated with 0.6% H 2 O 2 in PB to eliminate endogenous peroxidase activity. After four 15-min rinses in phosphate buffer saline (PBS), sections were incubated in a blocking solution (4% normal goat serum/0.2% Triton X-100) for 1 h at room temperature. Then, they were incubated in primary polyclonal rabbit anti-c-Fos antibody (Oncogene Research Products; 1/10000 dilution) diluted in the blocking solution overnight at room temperature. Subsequently, sections were washed four times with PBS and incubated for 2 h at room temperature with biotinylated goat anti-rabbit IgG (Jackson Immunoresearch; 1/2000 dilution in PBS) followed by 2 h incubation at room temperature in the avidin-biotin peroxidase complex. Sections were rinsed in PBS and then 0.05 M Tris buffer (TB, pH 7.6). The peroxidase reaction end-product was visualized by incubating sections in TB containing 3,3'-diaminobenzidine tetrahydrochloride (0.1%) as chromogen and hydrogen peroxide (0.02%) for 15 min.
Finally, immunolabeled sections were washed in TB and then PB, before being mounted on gelatin-coated slides, dehydrated, and coverslipped. A videocamera attached to a microscope and connected to an analysis software was used for labeled cell quantification. Quantifications were carried out at ×10 magnification. Sections from the dorsal hippocampus were quantified between bregma -2 mm and bregma -2.4 mm and from the ventral hippocampus were between -2.9 bregma and bregma -3.3 mm (S1).
Dentate gyrus (DG) granular cell layer, CA1 and CA3 pyramidal layers were examined. 8
Corticosterone assay
For the stress experiment mice were decapitated either in basal conditions or 5, 10, 30, 60 or 120 min after fear conditioning. After corticosterone injection animals were sacrificed 30 min after the injection of 1.5, 2.5, 5 and 10mg/kg with conditioning at 0.8mA. This experiment was performed, in order to verify if the plasma levels observed in our experiments were in the range of the ones induced by stress (1.5 and 2.5 mg/kg dose) and that the high doses of corticosterone induced concentrations well above stress level (5 and 10 mg/kg). Animals injected with 2.5 mg/kg were also sacrificed 30, 60 and 120 min after conditioning with either 0.3 or 0.8 mA shocks. This experiment was performed to verify if at the ED100 for corticosterone behavioral effects plasma corticosterone level were similar in the two conditioning groups.
In all this conditions, trunk blood and dorsal hippocampus were quickly collected.
After centrifugation of blood in EDTA-coated tubes at 2000 rpm for 10 min, the supernatant was stored at -20°C until assay. Corticosterone was extracted from brain tissue according to the instructions of the supplier of the assay and the dried extracted samples were stored at -20°C until assay. Plasma and hippocampal corticosterone levels were quantified by ELISA.
Data analysis
Data are presented as the mean + SEM. Statistical analyses were performed using Student's t-test or analysis of variance (ANOVAs) followed by Fisher's PLSD post-hoc test when appropriate. Analyses were performed using StatView. Values of P < 0.05 were considered as significant. 
